To increase our understanding of the physical nature of the Na+ and K+ forms of the Na+ + K+-dependent ATPase, thermal-denaturation studies were conducted in different types of ionic media. Thermal-denaturation measurements were performed by measuring the regeneration of ATPase activity after slow pulse exposure to elevated temperatures. Two types of experiments were performed. First, the dependence of the thermal-denaturation rate on Na+ and K+ concentrations was examined. It was found that both cations stabilized the pump protein. Also, K+ was a more effective stabilizer of the native state than was Na+. Secondly, a set of thermodynamic parameters was obtained by measuring the temperature-dependence of the thermal-denaturation rate under three ionic conditions: 60mM-K+, 150mM-Na+ and no Na+ or K+. It was found that ion-mediated stabilization of the pump protein was accompanied by substantial increases in activation enthalpy and entropy, the net effect being a less-pronounced increase in activation free energy.
A large body of experimental evidence indicates that the Na+ + K+-dependent ATPase (EC 3.6.1.3) assumes different conformation states that are modulated by ligand concentrations. Furthermore, it is proposed that transitions occur between the different conformational states in a manner that results in ATP-hydrolysis-coupled ion translocation J0rgensen, 1975) . Experiments examining the effect of Na+ and K+ on protein fluorescence and proteolytic-digestion patterns (J0rgensen, 1975) have led to the definition of El and E2 conformational states. The E, and E2 states can be promoted respectively by the presence of Na+ or K+, and are thus frequently referred to as the Na+ and K+ forms of the enzyme, or as the E1 * Na+ and E2. K+ states.
In order to increase our understanding of the physical nature of the Na+ and K+ forms of the pump protein, thermal-denaturation studies conducted in different types of ionic media are reported in the present communication. Two types of experiments are described. First, the dependence of the thermal-denaturation rate on Na+ and K+ concentrations is examined at a fixed temperature. Secondly, a set of thermodynamic parameters is obtained by measuring the temperature-dependence of the thermal-denaturation rate under three ionic conditions: 60mM-K+, 150mM-Na+ and no Na+ or K+.
Experimental
All chemicals were reagent grade. and centrifuged at 48000g for 30min. The last resuspension-centrifugation step involving isolation medium was performed three times. The resulting pellets were stored in isolation medium at 3°C. ATPase activity was stable for at least 2 weeks when the preparation was stored at 30 C in isolation medium.
Protein and phosphate determinations respectively utilized the procedures of Peterson (1977) and Bartlett (1959) . Total microsomal protein/ phospholipid ratios of 1.09-1.23mg of protein/mg of phospholipid (assuming an average phospholipid molecular weight of 780) were typically obtained. ATPase activities were measured with a coupled enzyme system (Norby, 1971 digital thermocouple, and was found to vary by less than 0.10 C during each series of decay measurements. Sample temperatures were found to be within 0.1°C of bath temperature after 30s in the temperature bath. The zero-time point was thus defined at 30s after sample placement in the temperature bath. The placement of samples in the ice/water slurry resulted in an approx. 400C temperature decrease in lOs.
Results
An important finding of the present research is that K+ is more effective than Na+ at stabilizing the Na+ + K+-dependent ATPase in a native state. Furthermore, ATPase activity is lost substantially faster in the absence of both Na+ and K+ than when one of these cations is included in the medium. These effects are demonstrated in Fig. 1 , which depicts thermal-denaturation data for samples containing no Na+ or K+, 100mM-Na+ and 60mM-K+. A moredetailed examination of the effects of Na+ and K+ is presented in Fig. 2 , in which the dependence of the thermal decay rate on Na+ and K+ concentrations is examined. A noteworthy point concerning the data presented in Fig. 2 is that at similar K+ and Na+ concentrations K+ is a substantially more effective stabilizer of the native protein state. If the observed stabilization effects were simply due to an increase in ionic strength, equivalent K+ and Na+ concentrations would give similar thermal decay rates. This is not the case. In fact, 10mM-K+ is more effective at stabilizing the protein than is 150 mM-Na+.
The results of a second series of experiments, which analyse the effect of temperature change on the thermal decay rate, are presented in Fig. 3 . Results obtained from samples that contained no Na+ or K+, 150mM-Na+ and 60mM-K+ are reported. An analysis of the data in Fig. 3 yields the activation entropies (AS), enthalpies (AH) and free energies (AG1) contained in Table 1 . The calculation of AGW and ASt utilizes the Eyring approximation (Johnson et al., 1974 ) that the hypothetical decay rate from the transition state is equal to kT/h, where k is the Boltzmann constant, T is the absolute temperature and h is Planck's constant. The error in AHW values reflects the uncertainty in fitting log (rate constant)-versus-lIT data to a straight line. The rate-constant error is the average deviation of the rate constants from the best-fit lines in Fig. 3 Table 1 show that ion-mediated stabilization of the protein is accompanied by substantial increases in AHW and ASt, the net effect being a less-pronounced increase in AGt.
Discussion
A large body of experimental evidence demonstrating the existence of Na+-and K+-induced forms of the Na+ + K+-dependent ATPase is now available. The tryptic-digestion experiments of J0rgensen (1975) show differences in the digestion pattern and the inactivation kinetics when Na+ or K+ is included in the digestion medium. Studies utilizing extrinsic and intrinsic fluorescence techniques (Beauge & Glynn, 1980) . Experiments that investigate the effect of a variety of chemical agents on different properties of the Na+ + K+-dependent ATPase also support the idea of the existence of El . Na+ and E2. K+ conformational states (Hart & Titus, 1973; Skou, 1974; Robinson, 1974 Kinetic studies based on the direct monitoring of the E1-E2 transition with intrinsic and extrinsic fluorescence show that the transition from the K+ to the Na+ enzyme form is much slower than the conversion from the Na+ into the K+ state. Also, the dephosphorylation studies by Mardh (1975) 
